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H[SDQVLRQ RI WKH UDSHVHHG SURGXFWLRQ ,Q %XOJDULD UDSHVHHG LV WKH VHFRQGPRVW FXOWLYDWHG RLOEHDULQJ FURS DIWHU
VXQIORZHU,QWKHVXUIDFHDUHDVRZQZLWKUDSHVHHGUHDFKHGKDZKLOHVHHGSURGXFWLRQHTXDOHG
WRQV 0LQLVWU\ RI $JULFXOWXUH DQG )RRG 5HSXEOLF RI %XOJDULD  $IWHU WKH HQKDQFHPHQW RI UDSHVHHG RLO












DQG LV GHSHQGHQW RQ YDULRXV IDFWRUV %HOO DQG -HIIHUV  /L HW DO  7KH W\SH RI UDSHVHHG FXOWLYDU
HQYLURQPHQWDOFRQGLWLRQVGXULQJJURZWKDVZHOODVVRLOW\SHDQGFRPSRVLWLRQDIIHFWWKHTXDOLW\RIWKHVHHGVZKLFKLQ
WXUQ GHWHUPLQHV WKH TXDOLW\ FKDUDFWHULVWLFV RI PDQXIDFWXUHG SURGXFWV %HOORVWDV 0XJXHU]D HW DO  6RPH
DOWHUDWLRQVLQUDSHVHHGVSURSHUWLHVGXULQJVWRUDJHPD\DOVRRFFXU7KHLQGXVWULDOSURFHGXUHRIRLOH[WUDFWLRQXVHGDV
ZHOODV WKHVHHGSUHWUHDWPHQWPD\H[HUWYDULDWLRQV LQDQWLQXWULHQWFRQFHQWUDWLRQVSURWHLQGLJHVWLELOLW\DQGDPLQR
DFLG FRPSRVLWLRQ RI UDSHVHHG PHDO 1HZNLUN DQG &ODVVHQ  $\WRQ  7KHUHIRUH D ELRFKHPLFDO
FKDUDFWHUL]DWLRQRILQGXVWULDOO\SURGXFHGUDSHVHHGPHDOSULRUWRLWVDSSOLFDWLRQDVDSURWHLQVRXUFHLQIRRGLQGXVWU\LV
QHFHVVDU\)XUWKHUPRUHZKLOHSXEOLVKHGGDWDREWDLQHGRQ UDSHVHHGPHDOSURGXFHGDQGDQDO\]HGXQGHU ODERUDWRU\
FRQGLWLRQV DUH DEXQGDQW VWXGLHV SHUIRUPHG RQ LQGXVWULDOO\ SURGXFHG UDSHVHHG PHDO DUH VFDUFH 7KH JRDO RI WKH












%RYLQH VHUXP DOEXPLQ ZDV XVHG IRU VWDQGDUG FXUYH JHQHUDWLRQ &UXGH IDW FRQWHQW RI WKH UDSHVHHG PHDO ZDV
GHWHUPLQHG E\ 6R[KOHW H[WUDFWLRQ PHWKRG ,62  )LEHU DQG DVK FRQWHQWV ZHUH GHWHUPLQHG E\ ,&&
6WDQGDUGʋDQG,&&6WDQGDUGʋUHVSHFWLYHO\7RWDOSKHQROVZHUHH[WUDFWHGDVGHVFULEHE\9LOODQXHYDHW
DO  DQG TXDQWLILHG E\ XVLQJ)ROLQ&LRFDOWHX UHDJHQW $LQVZRUWK DQG*LOOHVSLH 7RWDO JOXFRVLQRODWHV
ZHUH HYDOXDWHG DV GHVFULEHG E\ -H]HN HW DO  7KH PHWKRG LV EDVHG RQ VSHFWURSKRWRPHWULF HYDOXDWLRQ RI
JOXFRVLQRODWHVDIWHUDONDOLQHK\GURO\VLVDQGUHGXFWLRQZLWKSRWDVVLXPIHUULF\DQLGH6LQLJULQZDVXVHGIRUVWDQGDUG
FXUYHJHQHUDWLRQ
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2.3. Amino acid analysis and amino acid score calculation 
$PLQR DFLGV ZHUH DQDO\]HG E\ XVLQJ *DV &KURPDWRJUDSK\±0DVV 6SHFWURPHWU\ *&06 $JURELRLQVWLWXWH
6RILD%XOJDULD7KHVDPSOHZDVK\GURO\]HGZLWK1+&ODQG O\RSKLOL]HG7KHDPLQRDFLGVZHUHGHULYDWL]HGE\
VLO\ODWLRQDQGHYDOXDWHGE\XVLQJDJDVFKURPDWRJUDSK$JLOHQW*&DQGDPDVVVSHFWUDOGHWHFWRU$JLOHQW0'
 $JLOHQW 7HFKQRORJLHV ,QF:LOPLQJWRQ '( 1,67¶ 1DWLRQDO ,QVWLWXWH RI 6WDQGDUGV DQG 7HFKQRORJ\
86$DQGWKH*ROP0HWDERORPH'DWDEDVHVKWWSFVEGEPSLPSJROPPSJGHFVEGEJPGJPGKWPOZHUHXVHGWR
LGHQWLI\ WKH DPLQR DFLGV LQ UDSHVHHG PHDO $PLQR DFLG VFRUH ZDV FDOFXODWHG DV D UDWLR RI WKH DPRXQW RI HDFK
HVVHQWLDODPLQRDFLGGHWHUPLQHGLQWKHUDSHVHHGPHDOJJSURWHLQDQGWKHDPRXQWRIWKHUHVSHFWLYHDPLQRDFLG
LQ DQ ³LGHDO´ SURWHLQ JJSURWHLQ DV VWDWHG E\ WKH)RRG DQG$JULFXOWXUH2UJDQL]DWLRQRI WKH8QLWHG1DWLRQV
)$2
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E\ FHQWULIXJDWLRQ IRU PLQ DW  USP 7KH GHJUHH RI K\GURO\VLVZDV FDOFXODWHG DV D UDWLR RI WKH DPRXQW RI
VROXEOH ĮDPLQR QLWURJHQ LQ WKH VXSHUQDWDQW DQG WKH VDPSOH 1 XVHG LQ WKH DVVD\ $OIDDPLQR QLWURJHQ LQ WKH
VXSHUQDWDQWZDV HVWLPDWHGE\QLQK\GULQPHWKRG DV JO\FLQHZDVXVHG WRJHQHUDWH D VWDQGDUG FXUYH 1DYDUUHWHGHO
7RURDQG*DUFtD&DUUHxR&RQWUROH[SHULPHQWVZLWKRXWHQ]\PHDGGLWLRQVZHUHDOVRSHUIRUPHG
 
2.5. Statistical analysis 

3UHVHQWHG GDWD DUH DYHUDJHG PHDQV RI DW OHDVW WKUHH LQGHSHQGHQW H[SHULPHQWV  VWDQGDUG GHYLDWLRQ 6'
6WDWLVWLFDODQDO\VLVZDVSHUIRUPHGZLWKWKHSURJUDP,%063666WDWWLVWLFV6RPHUV1<86$
5HVXOWVDQG'LVFXVVLRQV
3.1. Production of rapeseed in Bulgaria 

'XHWRLWVKLJKRLOFRQWHQWUDSHVHHGLVDQHFRQRPLFDOO\LPSRUWDQWVRXUFHIRUSURGXFWLRQRIYHJHWDEOHRLO




DQGXWLOL]DWLRQRIELRGLHVHO LV VWLPXODWHGE\ WKH1DWLRQDO ORQJWHUPSURJUDP WRSURPRWHXVHRI UHQHZDEOH HQHUJ\
VRXUFHV GXULQJ  KWWSZZZVWUDWHJ\EJ6WUDWHJLF'RFXPHQWV  $V D UHVXOW WKH KLJKHVW SURGXFWLRQ RI


















3.2. Biochemical characteristics of rapeseed meal 

%LRFKHPLFDOFRPSRVLWLRQRIUDSHVHHGPHDOLVLPSRUWDQWHVSHFLDOO\ZKHQLWLVXVHGDVDVRXUFHIRUWKHSURGXFWLRQ
RI SURWHLQ GHULYDWLYHV LQFOXGLQJ LVRODWHV FRQFHQWUDWHV RU K\GURO\VDWHV IRU DSSOLFDWLRQ LQ IRRG LQGXVWU\ ,W LV
FKDUDFWHUL]HGZLWKUHODWLYHO\KLJKYDULDELOLW\ZKLFKLVSDUWLDOO\GXHWRUDSHVHHGYDULHWLHVXVHGIRUWKHSURGXFWLRQRI
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FRQWHQW6LQFH WKHSULPDULO\ XWLOL]DWLRQRI UDSHVHHGV LV WKHRLOSURGXFWLRQEUHHGLQJ IRUYDULHWLHVZLWKDKLJKHURLO
FRQWHQWZRXOG UHVXOW WR UDSHVHHGPHDO FRQWDLQLQJ ORZHUSURWHLQDPRXQW7KHKLJKFRQWHQWRI WRWDO ILEHU 
7DEOH LV UHODWHG WR WKHSUHVHQFHRI UDSHVHHGKXOOV LQ WKHPHDO ,QFRQWUDVW WR VXQIORZHUDQGVR\EHDQVHHGV WKH
KXOOVRIWKHUDSHVHHGVDUHGLIILFXOWWRUHPRYHDQGWKHUHIRUHWKHFRPPHUFLDOUDSHVHHGPHDOLVXVXDOO\XQGHFRUWLFDWHG
0DWWKlXV  +LJK ILEHU FRQWHQW RI LQGXVWULDOO\ SURGXFHG UDSHVHHG PHDO LV QXWULWLRQDOO\ QRQDGYDQWDJHRXV
ZKLFK OLPLWV WKH DSSOLFDWLRQ RI WKH UDSHVHHG PHDO LQ IHHG LQGXVWU\ .KDMDOL DQG 6ORPLQVNL  $OWKRXJK







JXW WKH\ PLJKW EH GHJUDGHG E\ SUHVHQW PLFURELDO SRSXODWLRQ 5HVXOWLQJ EUHDN GRZQ SURGXFWV LQFOXGLQJ
LVRWKLRF\DQDWHVJRLWULQQLWULOHVDQGWKLRF\DQDWHVFRXOGKDYHDQHJDWLYHHIIHFWRQWKHIXQFWLRQRIWK\URLGJODQGDQG
RYHUDOOJURZWKSHUIRUPDQFH7ULSDWKLDQG0LVKUD*OXFRVLQRODWHVFRQWHQWLVJHQHWLFDOO\GHWHUPLQHGDQGPD\
YDU\ IURP    ȝPROJ LQ VHOHFWHG E\ WKLV SDUDPHWHU YDULHWLHV 1HZNLUN HW DO  WR  ȝPROJ LQ
WUDGLWLRQDO UDSHVHHG YDULHWLHV 1HZNLUN  ,QGXVWULDOO\ SURGXFHG UDSHVHHG PHDO XVHG LQ RXU VWXG\ H[KLELWHG
UHODWLYHO\ORZWRWDOJOXFRVLQRODWHFRQWHQWPROJZKLFKKRZHYHULVGLIILFXOWWRUHODWHWRDVSHFLILFYDULHW\
6LQFHWKLVVSHFLILFFRPPHUFLDOUDSHVHHGPHDOLVSURGXFHGRIPL[HGUDSHVHHGFXOWLYDUVWKHORZHUJOXFRVLQRODWHOHYHO
LV SUREDEO\ GXH WR SURFHVVLQJ SDUDPHWHUV RI WKH RLO SURGXFWLRQ %HOO DQG .HLWK  0DQVRXU HW DO 
UHSRUWHGUHGXFWLRQRIJOXFRVLQRODWHVFRQWHQWVIURPWRDIWHUKHDWWUHDWPHQWRIUDSHVHHGV
0RVWRIWKHSKHQROLFFRPSRXQGVDYDLODEOHLQUDSHVHHGVUHPDLQLQWKHPHDODIWHURLOH[WUDFWLRQ1RJDOD.DOXFND












ZHUH FORVH WR WKDW RI WKH VXQIORZHU PHDO HYDOXDWHG E\ ,YDQRYD  7KH UHODWLYHO\ JRRG FRQWHQW RI VXOSKXU
FRQWDLQLQJDPLQRDFLGV LQ WKHVWXGLHGUDSHVHHGPHDOKRZHYHUFRXOGSDUWLDOO\FRPSHQVDWH WKHGHILFLHQF\RI WKHVH













9DOLQH   
/HXFLQH   
,VROHXFLQH   
7KUHRQLQH   
/\VLQH   
0HWKLRQLQH&\VWHLQH   
3KHQ\ODODQLQH7\URVLQH   
$PLQRDFLGFRPSRVLWLRQRIDQ³LGHDO´SURWHLQ)$2
,Q JHQHUDO DUJLQLQH DQG KLVWLGLQH DUH QRW FRQVLGHUHG HVVHQWLDO DPLQR DFLGV VLQFH WKH\ FDQ EH V\QWKHVL]HG E\




LQIDQWV OHVV WKDQ WKUHHPRQWKVROGUHO\RQH[WHUQDOKLVWLGLQHULFKVRXUFHV WRSURYLGHRSWLPXPOHYHOVRI WKLVDPLQR




3.4. Digestibility of rapeseed meal protein and rapeseed meal protein fractions 

,QYLWURDQDO\VLV UHYHDOHG ORZGLJHVWLELOLW\RI WKHFRPPHUFLDO UDSHVHHGPHDOZKHQSHSVLQDQGSDQFUHDWLQZHUH
XVHGDVSURWHRO\WLFHQ]\PHV 7DEOH ,W LVSUREDEO\GXH WR WKHFRQIRUPDWLRQDOFKDQJHVRISURWHLQV WKDW
PD\RFFXUGXULQJUDSHVHHGVWUHDWPHQWDQGRLOH[WUDFWLRQ3DVWXV]HZVNDHWDO,QWHUDFWLRQRIWKHSURWHLQVZLWK
RWKHU FRPSRXQGV SUHVHQW LQ WKH UDSHVHHGPHDO FRXOG DOVR GHFUHDVH SURWHLQ GLJHVWLELOLW\ 5DSHVHHG KXOOV FRQWDLQ
LQVROXEOH WDQQLQVZKLFK DPRXQWPD\ UHDFK XS WR  RI WRWDO WDQQLQV .KDMDOL DQG 6ORPLQVNL  7KH\ DUH
FDSDEOH RI FRPSOH[LQJ ZLWK SURWHLQV LQFOXGLQJ SURWHRO\WLF HQ]\PHV WKXV GHFUHDVLQJ SURWHLQ GLJHVWLELOLW\ /RZ
GLJHVWLELOLW\RIUDSHVHHGSURWHLQZDVREVHUYHGE\%RVHWDOZKRVWXGLHGWKHQXWULWLRQDOTXDOLW\RIUDSHVHHGE\
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DQWLQXWULHQW FRPSRXQGVZKLFK LV DQ LPSRUWDQWSUHUHTXLVLWHZKHQ WKLVE\SURGXFW LVGHVLJQDWHG IRUSUHSDUDWLRQRI








7KLV VWXG\ZDV VXSSRUWHGE\JUDQWʋ+SURYLGHGE\ IXQG³6FLHQFH´8QLYHUVLW\RI)RRG7HFKQRORJLHV 
3ORYGLY%XOJDULD
5HIHUHQFHV
$$&&0HWKRG&UXGH3URWHLQ±0LQXWH%LXUHW0HWKRGIRU:KHDWDQG2WKHU*UDLQV LQ“Approved methods of the American 
Association of Cereal Chemists”.$PHULFDQ$VVRFLDWLRQRI&HUHDO&KHPLVWV6W3DXO0186$
$LQVZRUWK($*LOOHVSLH.0 (VWLPDWLRQ RI7RWDO 3KHQROLF&RQWHQW DQG2WKHU2[LGDWLRQ6XEVWUDWHV LQ 3ODQW 7LVVXHV8VLQJ)ROLQ±
&LRFDOWHX5HDJHQW1DWXUH3URWRFROV










%XUVWLQ-*DOODUGR.0LU559DUVKQH\5.'XF*,PSURYLQJ3URWHLQ&RQWHQWDQG1XWULWLRQ4XDOLW\LQ“Biology and Breeding of 
Food Legumes”,Q3UDWDS$.XPDU-(GV&$%,QWHUQDWLRQDO:DOOLQJIRUG8.




























1DYDUUHWHGHO7RUR0$*DUFtD&DUUHxR)/(YDOXDWLRQRIWKHSURJUHVVRISURWHLQK\GURO\VLV&XUUHQWLQ“Protocols in Food Analytical 
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)HHG,QGXVWU\*XLGH&DQDGLDQ,QWHUQDWLRQDO*UDLQV,QVWLWXWHZZZFDQRODFRXQFLORUJ
1HZNLUN 5: &ODVVHQ +/ 6FRWW 7$ (GQH\0-  7KH'LJHVWLELOLW\ DQG &RQWHQW RI $PLQR$FLGV LQ 7RDVWHG DQG1RQ7RDVWHG
&DQROD0HDOV&DQDGLDQ-RXUQDORI$QLPDO6FLHQFH
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